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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

MEMORANDUM REPORT 

for the 

Bureau of Aeronautics, Navy Department 

FLIGHT MEASUREMENTS OF THE EFFECTS OF A WING LEADING-EDGE SLOT 

AND OTHER MODIFICATIONS ON THE STABILITY, MAXIMUM LIFT, AND 

HICH SPEED OF AN OBSERVATION AIRPI-ATCE 

By William N. Turner and Betty Adams 

SUMMARY 

Stability, maximum lift, and high-speed tests were made of an 
observation airplane fitted with Maxwell Jeadlng-ed^e slots. 

Static and dynamic longitudinal and lateral stability was, 
general, satisfactory and was little affected by the slots. 

In 

Maximum lift coefficients with power off were low due to early 
stalling at the center section. The Maxwell slots as Installed 
reduced the maximum lift available by aggravating the center-section 
stall. Extending the slots all the way to tho fuse.1 age eliminated 
the detrimental effect, but the Increase In lift over the slot-closed 
condition was small. Fully opening the cowl flaps eliminated a 
detrimental effect of opening the hoods In the landing condition. The 
stall warning, power off, was adequate, and with slots open was 
excellent. The highest lift coefficients were obtained with power 
on, but in this condition the stall warning was poor. 

INTRODUCTION 

Flight tests were made to determine the maximum lift and 
corresponding angles of attack, drag, and stability of an observa- 
tion airplane equipped with Maxwell leading-edge wing slots. Various 
modifications were made to the airplane In an effort to lncroase 
the Increment of maximum lift resulting from the Maxwell slots. 

The lateral control characteristics of this airplane have been 
reported in reference 1. 



MBOBimaR OF AXR?LMtt 

The tr.at oirplo.no 13 a two-placo, 3inglc-<nsino, mid-wing, 
cantilever monoplane with fixed landinc '.io.or, partial ipan deflector— 
pinto flaps, ocäblnation aileron-o?oilor lateral control, and 
MuxwiH loading-cdgi. elot.i extending fron tho ving tip to within 
approximately lU lnchoa of tta« fua^lsgo (ficp. 1 to h).   Tho iimon— 
aiona of tho airplane oral 

Wing 

Area, including aoction projected 
through fuaelago 261.9 oquarc foot 

Span, h   35-89 foot 

Taper ratio    1.5:1 

Section, root  MACA 23015 

Section, tip   HACA 23009 

Xncldonco     3 

M.A.C. (fig. 5>)      89.5 inohü3 

Dihedral, outor panel chord lino   7° 

Allorona 

Type   Frlao 

Area aft of hlngs lino, oach 6,7 square foot 

Balance oroo, each 2.0 square foot 

Span, oach 31-poroont com3 span 

Chord, pvorago aft of hinge 
lino   17.3-porcont local 

wing chord 

Droop 29° at full flap 
deflection 

\ ! 



•  3 

Spellers 

Typo     Ventilated and 
P'-ddJ-e balanced 

Aroo, each              4.98 oquaro foot 

Spon        Al-pcrcont semlspon 

Chord, average  10-poi'oent local 
wing chord 

Flppu 

Typo        Slottod dofloctor—plate, spring- 
loaded to automatically docroaoe 

deflection at the lilöhor 1 •• .'.-; 

Ai-oe aft of bias* lino, each 17.5 square foot 

Spon, each 51 -percent soulspan 

Chord fift of hingj line, 
average 23-^>ercent local ving chord 

Sloto 

Typo    Maxwell 

Spar., <.nch 69-percent somiupan 

Chord, average 15-porcjnt local wing chord 

Horizontal tall: 

Span   17.17 feet 

Ist^l area 58.6 sguoro foot 

Elovator aroa aft of hinge lino ^k.O square foot 

Elovator balance area I.83 square foot 

Distance of olevator hinge Una from 
wing loadinc edgo 20.7 foot 

Incidonco     2° 

\ 
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Plen   and section vlaws of tho bj.c^—lift devices and control 
surfecos are shown in flguros 6 to 10. 

Modifications madj to the airplane during tho courso of tho 
tests wore: 

Modification jl.— Auxiliary slats wore mounted ohoad and äbovr 
tho normal leed'ng edge of the wine root, overlapping; the 
Inboard end of the oriftinal Mexwoll slot arrangement by 
about an Inch (rig. 11). 

Modification a.— A flrod sir.t of the saao   OWtOtir   as tho 
Maxwell slat when open was constructed in the lendlnc cda» 
of tho wing rest between th£ fuselage and the Inboard end 
cf the original Maxwell slot (fig. 12). 

Modification 3.- Ir addition to the slot extensions, the win« 
walkway was covered with fabric, filled« sandpapered smooth, 
and dopod. 

Modification, *>•— In addition to the slot extensions, expanding 
Wing-root filJots (fig. 13) wow installed.    The fillets 
started with rpproxiroatoiy zero radius üt the olot exten- 
sion lip and expended to r radius Rpprox'matel." equal, to 
the width cf th" wine wa.lL.way at tl.e trailing edge of tho 
wing proper.    Prom tiioro the fillet MM gradually faired 
back into the finalngn.    Tho uncovered iart of the wing 
wlkway wi.s in its ori,?inpl rouga condition. 

Modification Jg.- Tho flllotc were tho some as In modification k. 
Tlie slot extensions, however, were replaced by tho original 
wing—root lending jdg'js. 

Modification 6.— Air flow through tho flap gap was prevented 
by scaling the lower surfrco with a strip of f.^brlc. 

APPARATUS 

SACA Instruments wore used to record ph.~to jraphictlly as a. 
function of time tho following variables:  r irspood, normal and 
longitudinal .acceleration, rolling velocity, control position« stick 
force, flap position, change In altitude (stotoacope), longitudinal 
inclination, end oiglo of sideslip. 

\! 



Indicating Instruments already In tho clrplano were used in 
observing preosuro altitude, fvoc air tnmporaturo, onglne rpm, 
manifold proasuro, and quantity of .fuel carrlod. 

For tho dreg tc3ts only, wlion? accurate comparisons of power 
wore necessary, a total-orescure tubo was ulaccd in tho slipstream 
(fig. lV) and connected to one aide of an   . I •roc<   indicator in tho 
cockpit.    Tho other sldo of the Motor was connected to tho frco— 
stream totol pressure from tho pitot head on the boom.    The motor 
readings of thi3 installation were than calibrated in terms of brake 
horsepower.    The calibration was made on a single flight at a 
constant rpm end at sovortil fir epi/ods.    Tho p.-ver was dotonainod 
from observations of manifold pressure, rpm, altitude, temperature, 
and tho calibration for too B-985-5O engine.    By tola method, tho 
power determinations wore made without recourse to too manifold— 
prossurc gage and ao were not lnflucnaod by unprodlctablo ehnngos 
in power output for a given manifold pressure.    Even toough too 
powor actually dovoloped on too calibration flight may have boon 
different from toat shown on to.: standard engine calibration curves, 
too error was consistently carried tornugh too subs,qucnt tost 
flights. 

An    •!•'3.••..••',  head vanod and pivoted so as to aline itself with 
the relative wind in pitch, but not in yav, wa.s mounted on a boom 
near too left vine' tip "pproximatoly ono chord longtii ahead of too 
leading odge.    The installation was calibrated in flight with a 
trailing bomb. 

A yaw hood was ciounted on a. boom noar too right wing tip 
approximately one chord length ahead of too leading edgo. 

A two-eloKont elevator and rudder control—position recorder was 
installed in too tail and attached dir-otly to too cc-itroi aurfoeo 
torque tubes.   A two-olumont lateral stiele—position and flap-position 
recorder was installed botwuon too cecirpita, too stiele—position 
olement being cennoeted to toe uj>por ri^iit sido of toe alleren— 
spoiler change-over" unit,  and to? flap position rccordur being 
connoctod to toe rlglit-Iiand section of toe flap torque tube. 

A twc-olemcnt control-position i-ocordc»r was clao in3tollcd 
In oach wing and connected directly to each alleren and spoiler. 

Calibrations of tos control surfaco deflections in terms of 
the cockpit control positions: are shown In fi.gr.roo 13 to 2'f.    As 
preliminary to3ts showed too loo&b effective slot opening to bo 
1.5 poraent of toe local wing chord, no in U-mediate positions or 



linkage changos wore used In the prosont testa, the slot grip fcr 
tho slot-open tests being that shown for 30 t'irn.: in figure 27. 
In flight,  it vaa found that tho loads on tho slot oeujod it tc 
opon tho oquivalont of approximately tiireo crunk tu-Tis more than 
whon unloaded.    For this reason, about 27 turns wcro usod to fully 
opon the slots In flight. 

TESTS, RESULTS, AND DISCUSSION 

Stcblllty 

Tho longitudinal and latorol stability was chookol with the 
r.irplano in tho original condition before any teats wore made for 
maximum lift. 

ChirflCtorf.atic3 of tho uncontrolled lon.Titudin°l mctlcn.- The 
characteristics of tho uncontrolled short period longitudinal 
oscillation were measured with the contor of gravity at approxi- 
mately 26.3 percent mean aerodynamic chord and both hoods closed in 
the following flight conditlono: 

Power Ha* 
control 
sotting 

Slot Cowl 
flaps 

Approximate 

MM rpm 1 apt 
off 

1 
j up closed closod 66 - 164 

off up opon closed ik - 110 
off j full down closed closod 60 - 121 
off 1 full down opon closod 60 - 103 

j lovol 1 up closed closod 84 - 164 
1 lovol 1 up opon closed 79 - 103 
lovol 1 full down closod opon e- -121 
lovel j full down opon opon 87 - 110 
3^5 2300 | up elosud opon 70 - 146 
3*3 2300 ! up opon opon 60 - 103 
3*5 2300 full down closed opon 72 - 115 
3*5 S300! full down open opon 66 - 103 

L — — 

Whoro "lovol" power is referred to 
powor rogured for level flight. 

in this report it moans 



Tho rcsult3 nay bo roimmorlzod o.a follow: 

1. Hio variation of normal acceleration with time alwcya 
damped out completely In I033 than one cycle. 

2. In • few instances, thu records of clovator anglo chowod 
oscillations of approximately 1—1/2 cycles, cltbough tho lost half— 
cycle wna of very amvll amplitude. Thcao Instances always occurred 
near tho lowo3t trim apood with olthor flaps down, 8lot3 open, or 
both, and with llttlo or no power bolng applied. 

3. During rune with tho flapa down, the flap pocltion usually 
changed slightly; the change, howovor, wac not of en oscillatory 
na.turo. 

It ia ovidont, thoroforo, that tho roquiroiaont3 of reference 2 
wore Hot in most lnstoncos; tho few control asclllatlona of more 
than ono cyclo had no apparont offoct on tho flying qualities. 

Characteristics In otoady ntraight flight.— Iho charactoristica 
of thj oirplano in steady, straight flight with tho contor of gravity 
at approximately 26.3 percent moan aerodynamic chord oad the hoods 
closed woru measured In tho following flight conditions: 

Power Flap Approximate 
control 
sotting 

Slot Cowl 
flaps 

spood rango, 
mph bhp rpm 

off up closod closod 74 - 149 
off up open closod 72 - 142 
off full down cloood closod 61 - 105 
Of I' full down open closod 62 - 104 

lovol up closod closed 66 - 160 
level up opon cloaod 59 - 142 
levol full down closed opon 47 - 10<S 
lovol full down open opon 44 - 10'+ 
345 2300 up closod opo:i 63 - 153 
345 2300 up open open 54 - 143 
3^5 2300 full down clocod opon 4S - 104 
3^5 2300 full down cpon opon 4? - 107 



T*o TOdults cxv presented in flgur.-ja 30, &9, .-nd 30, and raoy 
bo aumnsrJzed r.ss fallows: 

1. Mio variation of olovator and" with 'nglo of attack W&a 
ct-.blo for all conditions of power with tho fl-pa up, except vita 
power on it the hlffttr speeds with tho aiote opon, whore the curves 
indicate ntutr&l stability.    With flap down at low opoods, tao 
airplane wca at-blo in Oil conditions, but at the higher apoodc 
instability sppoarod' with powor off,  älots clo.aod: with level-flight 
power, alot3 open; and with full powor, niotu opon or cloood.    V?th 
power off, flops UD, n breakdown of tho flow ovor tho Motor 3eotion 
i3 indicated by tao sudden inc.-ooao in tlio ulopo& Of the. curves near 
stalling speed.    W.'th power off, flTBa down,  the flow breakdown 
cusad pitching coc illations rod tho scatter of the data shown. 
With slots cloood, thoro la lcü.a indication of flow breakdown.   Witti 
power on, tlioro 13 no indication of flow brrrtoiown in any condition. 

2. The variation of stick fox-ce witii indicated airspeed showa 
control-froc ötrbility for nil conditions except with powor off, 
flaps up, slots opon at tho higher opoeds.    Tho center-section flew 
breakdown with povor off rt low s^eedo i-: again epparont in tho 
sudden ineronae in the stick force required r.n the stall ia 
approached. 

3. The variation of rudder position with indicated airopood 
with pewor on showj tliat approximately one—third right rudder wr3 
required tc hold straight flight at lainlnun «pood with tiM flapa 
up, and approximately ^wo--th.:rd:; right rudd *r MM required to hold 
straight flight at BlataUB sj>cod witlj the flaps down. 

4. Tho lof t-sidoalip at low spcedj witJ. power nn was slightly 
groator than at high speeds.    Tho indication, of left sideslip with 
power off racy hovo been duo to position orror in tho yaw head. 

5. When the flap control was in the full-down portion, tao 
flap started to float upward rt en indicated air jpoed of about 
75 railoa per hour.    Vita power on, full deflect:'on NM .lot   iVOUoBlo 
above approximioly 60 railoa per hour. 

In gencrrl,  it appears that tho airplane was stable in t.'io 
opood rcngo in which it ia lihely to jo UMd  in each condition. 
Vita power off, tao abrupt laoroaoe in olovr.tor angle and atick • 
forco noar tho stall constituted an cxcollent stall warning.    Tho 
early center—aoction stall, howovor, Mfeatod to r. certain extent 
the purpooo of tao high—lift devices incorporated  in tao Wing,   Vita 
the center-of-gravity    pojition uaod in tho stab .'.lit;,- tests, it was 

. 
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not poraiMo to obtclr. a conploto et-r.ll with tl:o slots opon and tho 
stick full beak in cither tho flope-'ip or -'leps-dewn condition with 
power off.    This abaiuoterlatlo w-s ".ppareitly duo to tho dotorior-v- 
tion en" longitudinal control caused by tho conto>-ouction flow brook- 
down witli tho resultant decrease in drwnwp.jh angio and relative 
dynamic prcjouro at tho tall.    Ee?vy buffeting wan present at 
mlnimun jpood in this condition.   With the slots cloaod, or with 
power r>n in any condition, no difficulty was oncountorod in obtain- 
irg a oompJoto •tall. 

Characteristics of the uncontrolled lateral nation.-   Ilio 
charcctoristics of tho uncontrolled lateral motion of tlio airplane 
when disturbed frori atordy flight woro roer.ourod w.'th tho- cantor of 
gravity at 26.3 percent morn ncrcdynsulc chord r.nd the hooda closed 
in tho following flight condltior.3: 

Power Cowl 
Rav 

oont-ol Slot 
Approxti.-w.to 
tpeed vancc, 

bhp rnn fl.ipe setting! Eiph 

Bff closed up closed 83 - leO 
off cloaod up opon 88 - 162 
off slosod full down Cl030d 35 - 104 
Off cloaod full down cpun 38 - 104 

level 3A open up closed 71 - 157 
level 3A °Pon up open 93 - 1»7 
lcvol 3A opon full down cloaod 64 - 10^ 
lovol 3A open full down opon 63 - 1C5 

335 2200 open up cloaod 90 - 167 
3*5 2200 opon up opon 71 - 163 
330    j 2200 opon full down closed 63 - 105 
330    ! 2200 opon full down op^n 71 - 102 

Tfco toots wore node by triming tho airplano at each to3t apood, 
abruptly applying rudder and ailoron to produco a slip, rclcaaing 
ell controls, snd rocording the resultant notion of tho nirplano 
and controls. 

l*o results ON plotted in f iguro3 31 to 34 rnd nay bo sunmarlzed 
as follows: 

1.    Tho    period of tho control-frco lateral oscillation varied 
botweon 2 and 6 soconda and generally decroaoed with increasing air- 
apeod. 

f 
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2. The oscillation always damped to mwfarlf eai?>lltu&o In 
loss than two cycles, thus nocti^.g tho recuiro;.i?nt of reference 2. 
The damping was graatMt at low speeds. 

3. In no ln8t"nco wore tho controls t!]oE3cJvos obsorvod to 
oscillato for more than ono cycle, which also satisfies tho 
rcquircuonts of roforonco 2. 

Hie spiraling tendencies of tho airplane wero noted by thj 
pilot during tho proviouoly mentioned testa of tho control—froo 
longitudinal notion.    Tho spiral stability of an ?irpianc has 
gonorally boon considered to have littlo bcarinc or tho flying or 
handling qualities of ar. airplane (roforonco 2).    As a spirally 
stablo airplr.no is, howevor, considerably aaalsr to fly on instru- 
ments, the pilot's notes on tl.is subjoct WO summarized as follows: 

1.    Flaps up,  slots closed, 
in rny power condition. 

No immediate  tendency to spiral 

2. Flaps down, slots closed.    No spiral poms off; left or 
right spiral wit!i power for lcvnl flight; pronounced tendency 
toward left spiral -t 1*5 knots, ri.^it spiral at 8'j knots, and 
spiral cither way at intoiTr.odl.rto speeds with full powor en. 

3. Flaps up,  slots opon.    No spiral with powor off or lovel 
flight powor; loft or rieht spiral at 'jO knots, right spiral at 
60 knots, eventual right spiral at Y5 knots, no iriaodi!:t.j spiral 
at 90 or 110 knots wit!: full powor on. 

hi    Flaps down, slots open.    Rb Immediate oplr*.l pover off; 
spiral oitl-.or way up to 70 knots, no spiral at 85 krota "./ith level 
flight powor; loft or right spiral at _>0 or 60 knots, no spiral at 
70 or 85 knots witii full powor on. 

Characteristics In steady sideslipping flight.--   Tho charactoi'- 
ictico of tho airplane 'n ctcrdy sideslipping flight wore noas'.irod 
In the following conditions with tho center of gravity at ?o.3 porcont 
of tho MOB aerodynamic chord: 

• 
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varied concidoribly with the aovor.'J. rrirylnue uoru~orar.tion.-i.   In all 
tho lowest opood conditions tho etick-froc lr.toraJ. otrblllt;.' wrs low, 
•rnd in right •idoflllps a forco rcrorj.il sroeticou occurred, ospoclally 
with flaps dovn, power en.    In general, the stick—free stability 
W83 lowe3u witli t!ie flaps one-tMrd d-'wn.   With flaps full down, the 
etick—force vcriotion was large for small anfU.es of slip, hut small 
far large ingles. 

3.    23ie variation of yawing Moment due to sideslip, as given 
by the variation of rudder angle with angle of sideslip, waa considered 
adequate in all conditions, in that the rudder angle was approximately 
proportionfil to tlie aideulip angle and no decrease in the slope of 
the curves fit sraoll angles of yaw was observed.    'Hie slope increased 
progressively with flnp deflection, but changes with slot position 
or power wero negligible, except with flaps full down, where a 
ajrall increase in slopo resulted on application of power.    At 
large ar.jjles of right sideslip, especially with power on, a rudder- 
force NViritl noted by the pilots Indicated tail stalling und 
.rudder—"roe instability. 

k.    Th • pitching moment due to sideslip (as indicated by the 
variation of elevator angle nnd elevator stick force with anglo of 
sideslip) was generally small.    Only zX the lowest speeds with flap 
up, power on, slots closed or open, and witJj flepj one—third down, 
power on, elate open, did tho elevator angle for belar.ee move more 
than tho maximum sllcwance aa givon In reference 2, 1° far 5° rudder 
novemont from trisj. 

5.    Figuros k9 to 51 cive an indication of the stretch in the 
control system that occurred in tho sideslips and enables actual 
control surfaco position to bo determined for tho stick positions 
shown in figures 35 *u W.    Tho control positions shown wore 
measured by tho control position recorders in the wings. 

Maximum Lift 

Extensive measurements wero made of the maximum lift of tho 
airplano In various conformations and with several modifications. 
!I3ie data are prosontod in tables I to VII.    Blank spaces left in 
tho tables indioete that date wore not obtained, or that the 
particular configuration was not tested. / 

In order to make it possible to stall the nirplano in all 
conditions, the contor of gravity was moved back to approximately 
35?.5 percent cf the moan aerodynamic abort.    No measurements of 

_ 
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stability were made In fchlo condition* but the pilots hod no 
difficulty In flying the airplane 

The maximum lift coefficient was calculated from the data by 
means of the following formula: 

CL . yc9ga AR (1) 

whore 

o 

weight, pcunde 

flight-path angle 

AB       resultant acceleration, g's 

q,        dynamic pressure, pounds per square foot 

S wing area, squaro foot 

In determining the weight, allowanco was made for the fuol used. 
The flight-path angle was determined from the vertical velocity 
(measured with a stntoscopo) and the velocity along the flight path 
(truer speed determined from records of Indicated   (.lrenxcd   and notes 
of pressure altitude and freo air temperature). 

If It had boon possible to take all records In porfoctly steady 
i light, the   AB   term (resultant acceleration In g's} could have beon 
omitted from formula (1).    In this airplane, however, the early 
center-section stall usually made It difficult for the pilot to bold 
absolutely steady flight at minimum spood.    Introduction of the   AB 
term In the formula involves the assumption that the resultant 
accolomtion Is vortical; omitting tho torm altogether resulted In 
considerably moro scatter of tho data and a tendency toward opti- 
mistic values of tho maximum lift. 

Hie angle of attack was determined from tho flight-path angle 
and tho Inclination of tho airplane as determined by a recording 
Inclinometer.    H:o angles of attack shown In tho tables are referred 
to tho wing chord lino.   When necessary, tho readings of the Inclino- 
meter were corroctod for horizontal acceleration.   Because of the 
buffotlng and uncertain point of stall, the angles of attack shown 
should be considered only approximate; thoy may bo relied upon, bow- 
ever, to show tho trend from one condition to another. 
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Assuming • landing of soro vertical velocity end 0:1c    g 
vortical accolo.-ntion, stellin-? 3pcodü f»>r landings wore computed 
fron tho acxlB'« lift coefficients by the fo]lovir,c fomulai 

vInph    "   W/0.0025 5S (2) 

Tho weight was takon P:J V300 pounds 

Elevator ancles at tho stall, as with the snglos of attack, 
should bo token "s only approximate. 

Observations of tlio stalling characteristic» woiv laodo by on 
observer in tho roar soot with tho old of tufts on the inbc-rd half 
of  thf; wing. 

The results of tho nr-XlKunj lift noosuromonts tire dljcussod for 
each modification. 

M-Jciciup J.ift in the cyiwinal cnnd.'tlon.-- As shown by table I, 
tho maxiram lift oooffloionta obtainod with power off woro low and 
oponina tho olot had a datrlantol offoct.    Oponlng the aooda or 
cowl flips had vr.rying effects, depending on tho flop end olot 
position.    In tho landing condition (flKps down, hoods open),  the 
highest lift OOSfflOlmit wr.3 obtained wit!i tho  --owl flaps open. 

Tho teOTCBMd maximum lift coefficient wltli the slots opon 
we probably &M to a chango in span load distribution which tendod 
to lord up tho unslottod oontcr section more with slots opon thrn 
With    ?lotj closed for o given ovor-o.ll lift coefficient.    Once 
tho center notion stalle! ctciplotuly,  little or no bono.fit was 
gained by increasing tho rr.iglo of attack further.    It appeared tfcit 
the expected --dded lift on tho autboard sections of the win3 was 
offset by tho outward spread of tho stall. 

The powr*Cff stall wrming with the slots closed was con- 
sidered adequate, as modarr.to buffoting procodod the roll—off. 
Tho powonxjff atoll warning with tho slots open was excellent ao 
heavy buffeting 3ot in and r. rolling and pitching oscillation 
duvolopod, with ?io uncontrollable roll—off. 

Tests wore made with various amounts of power, slots opon and 
closed, with flaps down and hoods and cowl flaps open.    Tho results 
iro shown in figure 52.    It is seen that even c. lanall amount tf 
powor (appro«. lOO blip) incroasod tho maximu« lift coofficlont by 
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abcut O.f.    T.-rtu with «pprox^aatol^ JOfi hrafce horseprjvor at 22P0 rpra 
f^r HGvoral conf i.ßure.tlona (teblc IJ  a' ow.d an liiflrmt ta naximum 
life coefficient of C.9C tu 1.30 ovur iho power-off valuo.    Ihoae 
iTicrot)3ja appear to have boen <J'iu tu huth the direet forces on tho 
propeller and the elimination of tie centur-aoction stall. 

Accorrtin/J to reference 3, the 7.1ft due to .icwer la a direct 
function of the tl.ru:;t, and where t'iero la no premature stalling 
at the center session,  tho edtied lift should be muierically equal 
to tho thrust.    The maximum lift coefficient can therefore bo 
expressed op follows: 

whore 

CLJ       maximum :-owor-cff lift coefficient 

CL8        increment of lift coefficient due to elimination of 
cantor-Haection stall 

k a constant (unity, according to veferonce 3) 

Tc thruat coefficient based on dynamic pressure and wing 
arer  (T/qS) 

Using the data shown in figure .%» the value of   k   for this air- 
plane was found to bo 1.0, tlius showing egrooment with the conclusions 
of reference 3. 

With tho power on, the wing always stallod nuar tho tip, tha 
airplane rolling loft or right deponding on the slot position.    No 
warning was apporont ir  Che fOiW of buffeting, but tho attitude 
angle was high (20° to 85°).   Although the airplane was descending 
at tho tlno of stall oven at tho higher pewera.  It was found Impossi- 
ble to mako landings with high power as a positive rate of climb 
resulted when near the ground. 

Tho measured Increment of maximum lift coefficient duo to 
oponlng tho slots at any power Is tilsu shown In figure 52.    The 
constant increment of O.lh shown at all powers above approximately 80 
brake horsopover could bo oxpectod to apply with power off aa well, 
if tho contor-^oetlon stall wcro eliminated.    The reduction in stall- 
ing speed corresponding to this lncroase in maximum lift Is only 1 or 
«? mile's por hour.    On this basis, the added weight and complication 

\ 

J 
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of the Maxwell slot Installation could hardly be Justified even 
in an arrangement free of early •tailing at the center section. 

Maximum lift with modification 1 (auxiliary Blatj).--As shown 
Jr. table II,  tl:e addition of tho auxiliary siata delayed the center- 
section breakdown sufficiently to ca-.i3e increases of up t^ 0.37 In 
tlie maximum lift coefficient.    The detrimental effect of opening 
the slots wos also eliminated, although no consistent increase in 
lift coefficient due to opening the slota was measured.    As  in the 
original condition,  in the landing conformation (flans down, hooda 
open),  the loweat stalling speed was attained with the cowl flare 
open. 

Maximum lift, with modification g (Maxwell slot extensions) .- 
Extending the Maxwell slots to t'.e fuselage offered a small increase 
in maximum lift with the slct-oper over tl.e slot-closed condition 
(table III).    TIio lowest stalling speed with the ho^ds open was 
obtained when the cowl flan" were open.    The Maxwell slot extensions 
were slightly less effective than the auxiliary slats  in reducing 
tho stalling speed. 

Maximum lift with modification ^  (Maxwell 3lct extensions with 
anocth walkway).-Smoothing the wing walkways in an attempt to delay 
the separation at tho center section resulted in neither -an improve- 
ment nor a detrimental effect (table IV). 

Maximum lift with modification 1» (Maxwell slot extensions with 
wlnn—mot f illot3).—The combination cf Maxwell slot extensions and 
wing—root fIlleta produced tho best improvonont in power—off maximum 
lift (table V).    In the landing condition,  the highest lift coeffi- 
cient (1.97) was again obtained with the cowl flaps open.    Tests 
made with partial cowl—flap openings in the landing condition (hoods 
opon, flaps down)  showed that it was necessary to have thorn at least 
three—quarto:a ooen to secure a beneficial effect. 

Tests wit!: tho flap up and the slots open showed increases in 
Cl*iax    oi" up t0 0»Ä over that obtainod In tho original condition. 

As would bo expected,  tho power--on lift coefficients woro about 
tho same as in the original condition. 

Maximum lift with modification S (wing-root fillets onl-Q •- 
With the wing—root fillets only, tho greatest increases in maximum 
lift coefficient wero 0.53 with flaps \vi,  slots opon, and 0.17 with 
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the flmpe down, slots closed (table VI).   As In the original condi- 
tion, the stalling s^oed w'th fleps down vas lower when the slot» 
wore r.lnao'l than whan t^ey wa: o cpen     Ac -muni, when the hods wore 
open in the landing condition, tlio hlgi:ost lift coefficient was 
obtained with the vowl flaps c-rsn. 

tSaxJaun-^f.t.vlth wodtfljatlcn 6 (win« Qg o pap oca led on 
?"t1ltT f1dff|-~ *n 'the f laps-<ioi/p, slit-clcsod, powor~off cundltion 
w'th the flap gap soolad on ti.o lower ntrffeM« the maximum lift 
coeffic'er.t was  iecroased by d.02 to 0.2k, depending on the hood 
and cowl-flap ncsitlnns (table VII) .    After a few degrees of flap 
Movement from the full-up poaltlCDj the tu'ts on tlio upper surface 
changed direction so that they piirted straight In toward tho 
fuselage.    This obMp did net «!cur with the pap unsealed, even 
in tho full-down position.    DM «jlide path wa.3 3teopor with tho 
flap gap ooalod. 

Qenoral discussion.-- Hie lor/ MXfWi lift of the test airplane 
appea.-s to Iiavo Em duo to en early center—3ection stall,    nils 
condition was afiiravated by opening the slota when they did not 
extend all tl'e way to tha futllgt 

Hie variation of maximum lift coefficient with tho position 
of th• rood"J and  'owl flaps was often l«rg9      Wiid' flaps dawn,  cowl 
flops closed, opening tho hoods usvally rcsi'ltod in a marled decrease 
in tho maociiai'Bi lift availablo, boiih in t!.o original condition and 
with tho various modifications.    In s«n:> ImtS&OM tjjc docivaoo in 
chaax   *!l3 aa m'oil ss 0-31.    Opon'.ng tha cowl flaps in addition, 
howovor, would always improve and often oliiainatj entirely tha 
advorso offoct of tho epe-n hoods      T.iis »ttao i may iw vo boon duo 
either to added turbulence in tfco air streara dnlayin-s t'io separation 
fr'Jm the vln.3 root, or to a favorable change is pressure distribution 
over tlio fusola.jje and wing—root Juncture. 

Of tlio several modifications tried in an attempt to improve 
tho maximum lift of the airp.Tano, fill succo-jdod to a greater or 
lessor extent,    llio combination of slot cxtension.3 and wing—root 
fillot3 producod the greatest Impi'oveme*it.    On maxlman powor-off 
lift eoofficiont measured in this condition was 2.01 as coapjirod 
with 1.88 in tho original condition.    It is doubtfvl that any 
simple modification would reduce tho stalling apaad much bolow that 
measured in this condition, as In some conformations tho stall was 
starting furthor out on tho wing, showing that tho center—soctien 
stall (tho primary cause of the low maximum lifts) was supprosscd. 

- 
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With power of.?, the Maxwell leading-od<?e slot was found to bo 
effective only when extended all the way to the fuselage. The uoe 
of a Maxwell Blot that did not extent! all the way to the fuoolago 
resulted only in aggravating an Inherently early centor-eectlon 
stall. With tlio flaps down, this is also true whether the airplane 
is equipped with fillets or not, although wit>i flaps up the fillets 
alone did effe?t some Improvement. Had the airplane teen one that 
normally stalled first at the wing tips, it is possible that the 
slots vould have proved helpful as installed. 

As the maximum lift was raised by progressive elimination of 
tho contor-eoct.'.on stall, tho stall warning in the form of buffet- 
ing was decroasod. 

Except whon the flap gap was sealed, the stall was always 
obcorvod to starrt on the wing proper; tufts on tho upper surface 
of the slotted doflector—plate flap woro never observed to fluct- 
uate or reverse. 

The simplest way of increasing tho maximum lift was by tho 
application of newer; over, a small amount of power delayed tho 
stall at the conter- section and effected a greater increase in 
''Lmaj- t*an ar>y °*" tJl° modifications tcstod. The main objection 

to tho uso of power was tho fact that it eliminated tho stall 
vr-ming, and powor would not bo availablo in case of ongino failure. 

With power on, tho airplane would roll loft at the stall with 
tho slots closed, and right with tho slots open. A gcneml 
tendency toward high anglos of right sidoslip and largo loss of 
altitude ves also notod }n tho slot-open, powor—on stalls. A timo 
history of a leather sovoro inetanco of this is shown in figura 53« 
It appears that tho airplane started to recover from tho resulting: 
.Live at the tiao the flap started retracting due to tho increased 
spood. 

Laniir-T. rocomn^ndr.tion3.— Consideration of the data loads to 
certain rocomuondations fear landing tlio test airplane with Maxwoll 
loading-odgo slots. 

For minimum powor—off landing spcod, tho cowl flaps should bo 
kept fully opon. This practieo oliminatod adverse effects of tho 
opon hoods» Tho slots should bo closed with tho unmodified airplane. 
Tho stall warning appeared adequate and tho maximum lift was higher 
in this condition. 

\ 
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It is possible that opening tho original slots, which koops the 
outer wing socLions unstalled io relatively hifh angJoo of attack 
(but not hl(sh total ving lift),  May give lmprcvod lnte-ir.1 control 
In rough-wa..cr landings wlih the seaplane modol when the aircraft 
Is bounced to or angle of attack Rufficiontly high to completely 
•tall tho unslotted wing. The pawr-off stell warning was very 
pronounced in thl3 condition. 

For absolute minimum landing speod, all tho power po3Slblo 
without •-•lliablng should bo applied. The stall nxalaf In this 
condition Is negligible 

Iho maximum ingle-n of r.ttack with power on« or wltii 3lots open, 
power off, when the center-sect! ou stall was suppressed wore from 
20° to 25 • The normal throe—point lr.nd.ing "ittitudo of convontlonal 
airplanes Is 10° do 15°. The pilots found that practice and care 
woro nococeary to porform landings at tho attitude corresponding to 
maximum lift. Evidently other fa^tci-c In thö landing maneuver had 
prodomlnnut effects, as no consistent difference In 3peod between 
throe—point «aid tail—first landings m notlcod In tho limited 
number of landing rojordo tuken. A time history of a powjr-off, 
throe—point landing with the slot extensions and smooth walkway, 
flaps down, slots, hoods, and cowl flaps open, io shown in figure $h. 
Tho rocordod .•.'i'jpcr.r. at contact wa3 50 nlle-a \>cv hour, or 1.5 miles 
per hour lower than tho stalling speed for that condition as given 
in table- IV. This difference- may possibly be accounted for by the 
error In airspeed »'eading caused by the incroasod static prcaaurc 
around the airplane when it io close to the ground. St:ito3copo 
readings made on the ground In trxo-offa showed tills error to amount 
to about j miles per hour for this airplane. 

Maximum Speod and Drag 

Except as noted, all maximum speed results reported In this 
section arc for ^00 brake horsepower, 5500 feot density altitude-, 
and iiSOC pounds weight. 

J*ellminary flights Indicated that tho 3lot doors would blow up 
slightly in hlgh-spood flight, tho resulting drag Increase causing a 
reduction In maximum speod. In the present tests It was noted that 
vibration In flight would causo tho slot-actuating crank to rotate 
approximately one—half turn from the fully-closed position. A hook 
was then arrangod to hold tho crank In tho fully—closed position. 
A check of tho high speed made with the slots thus closed, and locked 

. 



cloaod b.y moans of screws through the doora themselves, showed no 
difference *n high aneod. 

It Mixa  found that installation of tho auxiliary 3 lato reduced 
this top apaod of tho airplane 7 miles per hoar. 

To dctcrmino tho incroas in porfoinmnco, if any, vhich would 
roeult from preventing air flow through tho flop pap, idontical 
flights wo;"o made by oa:h of thr,o liffuront pilots for sealed end 
unooaiod flap conditions. iJifforonooo in piloting tcchr.iq.uo cauood 
cansidorablo 3ccttcr cf tho dcta, hut tho rsoncral trond seemed to 
indlcato only about a 2-ailo-ywMMttr increase in lovel—flight high 
opood when tho flap gap wa3 soalod. Tho maximum speed rocordod in 
thooo teats in the nornr.l conlitien was 176 mllca For hour 
(fig. 55). Aa scaling tho flap also increased the landing spcod 
•oncwhat, tho effective spovd range was not appreciably altered. 

A Bioasuro of tho drag cf tho unmodified airplane was obtained 
by determining tha power roquired for lovol flight in the follow- 
ing conditions: 

1. Flaps up, slots closed, hoods closed 

2. Flapa up, 3lot3 open, hoods closoi 

•5. Flaps set for It'.5° defloction, slctB closed, hoods cloood 

k.    Flaps set for I0.70 deflection, slots opon, hoods closod 

Tho results are shown in iiguroa 55 to 58. Tho lar^c incroaso 
in pant  required shown «boa the cowl flaps woro opened may bo 
oxc©33lvo, aa the total-head motor was 3'jon to incrcaao reading aa 
tho cowl flaps were opened. The motor was calibrated with tho cowl 
flaps closod. The comparative ro3Ulta for tho dirfuront wing, flap, 
and slot conformations are, hovC'Vor, beliovod valid. 

Tho partial fl'.p defloction is Boon to havo roducod tho powor 
required by about '(  percent at low spouda, but the open slota 
appear to have increased tho power required by varying amount3 at 
any epood except perhaps at tho very lowost opcods with the flaps 
äeflooted. 

concLurctuG KEMAEKS 

The roaulta of thj toato reported horoin are aummarisod r.a 
follow. 

\ 
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1. At tho eor.tor-of-fwavity pocit'onn tostud, tho Btatic and 
dynaaic ? onRit'iäln&l uid lateral at-ibility was, In 3oneral, arvtls— 
factory. The oXo^s tad only min->r offocta on tho •te.'bllltjr 
churtv.jtoi.'l 3 -ioa. 

2. Tho lov maximum lift coefficient of the tost airplano was 
due to an oarly BOPto» •option stall. Opening tho Maxwell slota 
us originally installed only aggravated this oondJtlon, resulting 
Jn still lover laaxiJiium lift. 

3. Opening tho hoods in tho landing condition (pwor-off, 
flaps-Cown) usually reduced tho m-Jcimum lift coofi'lciont consider- 
ably. Opening ifce cowl flaps in addition praotio.-J.ly eliminated 
tho adverse offoot of tho open hood3. 

U. Extending tho slots rll tho wey to the fusolago oliminatod 
thoir detrimental C'ffoct on tho maximum lift, tut tho decrease in 
landing apcod ovor tho 3lotn-«jlo8oA ^oniitior. vr.3 only 1 or 2 milo3 
per hour. 

5. Winf;—root fillets alone increased tho maximum lift to a 
practical 6031-00 only in the flap-up condition, './hen combinod with 
tho slot extensions, the fillets also cr.ucod small incroa3oc in 
maximum lift in tjio flr-pj-down condition. 

ö. With tho alote open in tho original condition, tho povor-off 
stall warning in tho form of buffeting find increased stick travel 
and force near minimum speed vas cacol.lont. Tho power-off otall 
warning ia believed to have beon adequate in tho slot-closed anA tho 
improved slot-open conditions. 

7. Tho highest lift coofficlonts vorc obtained with power on; 
oven a small amount of power had aa much or more effect than any of 
the modifications triad. With the '••ontor-eoction stall eliminated, 
tho stall warning was poor. 

8. With power on, and with powor off when tho 3lots wore 
open end the conior-eoction stall Ml svpproasod, tho stalling 
attitude wr.c 20° to 25°, compavod to 10° to 15° for the normal throo— 
point landing attitude. In a linitod number of actual landings, no 
consistent rcducticn in landing apoed ma obtained by going "ocyond 
the throo—point attitude. 

9. Tho slots as originally inatallcd mijit ho usoful in tho 
seaplane version of tho airplane during rouph-vitor landings by 
keeping tho outer wing auctions unstallud and rotaining some mcasuro 
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of la*orrl control when tho a^rpXcno la bounced to en anglo of 
attack high enough to •toll the- Whole »irislottud winy.    With iho 
a.lcto extended to tho fueolog-j, the same ftotBVa would bs jwwmt 
with Uic a&dod rdvan-agw of icves.- available powo-r-off landing 
speeds. 

10. Urduninc the drafl of this alrpL°.r.c by coalinc tho flat gap 
die" not lnorauo the spood utagt, an tho landing spood wea Increased 
c.3 woll c.e tho hi^ .ipoed. 

11. Partial flur deflection reduced tho pemr required for 
level flight at lot-, spcods, 'but owning tho sloto lBOTCOMd tho 
drat, in all conditions oxcopt ut the very low-.et speeds vith flaps 
deflected« 

Arnos Acrorauticrl Laboratory, 
National Advisory flisMf filmt for Aovonnutics, 

Moffott Field, Calif. 
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Figure 3.- Detail of Maxwell «lot installation, «lote open. 
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position as measured on the ground with no load on 
the surfaces. 



on  the ground. »-levator control 



i ;J n— 
i .! 

1. 

1 

... 

— i 
: 

i 
• . i ..•::]:•• «4— 1 

...j... 

......... 

•• 

. ! 
1 

....(.... I ....'.... 
• ,; '.• 

1 '.(• • 
! 

I ••••[•••• . ..:.... 
up. 

•-••i:*:; 

..i.'i... 
;JJji-'. 

j 

:"•[::•. 
....(:... ...j.. 

...i.... 1 • L • 1 

....k .:..).... ;• :• ! i 

( 
• f -4-7 ~T~ —j— ; ; I 

,;,.j.,. • >.:(,:;. -4— 
•••'•[•••: 

. .1 ;!; 
:|;; 

•• .... t ....I.:.. I 
a» 

••::••• 
r~~ 

..:. it w 
..:.;..: 

:; ;(.: * 
:f;:f::;j 

I 
:••[•••! 

L-ii;-:. _4_. iffplj 

| 

— -~ 

..;. .... ü 
> 
I 

.... 
| j:::[::J: 

:!::j::;: 

i 
••:;|:::r f?fff?r?f 

•:r(- 

rf .... 
1 

""(**" •JX.':.'- ..   .!.... 
::•:(:::: 

•'* 

J! 
1 jlTp 

Uilp 
]..:.. 

:"::r  . ! 
:J!!|rr [fjpn -'• ....,...: ...: 

i 

ifl:i::i: ....j.... ...j.... •* iffl i 
::np: •••••1  

::::|::r: 

...:).... •::: 
[ilii j   • gp i | *?ö 

.:.: j ....j;;;.  h 
,!.!|i::: 
;:;;ljjj: 

••" 

;:;; — j...' $ Iflf 
COMttltTII torn *EW««urics till 

:':':: 

— :::.i::f: 
| 

. 
. . . .... •-•: fr - 

••:: §j •:•': 

Im ~- iLL jifl •ft- ..;. 

- gp 
'i:: 

lir 1 

1 .,; 
.:*.*l -p I 

4 

Mr *'• i oc i£ J 
1 i  n•;:: 

CM 71 i li n v, /M as r<i IS 1 1 
Figure 17.- Variation oi elevator Tab position with cockpit 

control setting. 



Figure 
post 
nurf 

1H.- Vii'I'il. ton of rudder angle with 2eft  rudder jj'd.i 
tlon *3 .-.canured on  the ground with  .MO load  on  the 
0 Of. 3 . 



j ....j.... 1 
| 

... 
! .... 

i" 1 !: •]!'::; 

1 . j :.. 

IM i 

:— T— i. 
::•• 

.,„r ... i • j    : • • • 
i 

I .'J... •:::J:::: 
rrfhftr 

• sHi i" I ! j.... 
f• i 

^j_i. 
:::;j;i" r?^ i " 1 ill! 'Q, : 1 '  P ~h ....j.... :::.!;..: 

::::l:::: j 
;:.t. 

i::. ;rff :::;(   ;. 
( .^..i..:; ,j; ; X 

|»P» 
Jllij 

MM 
:-!;. 

:::' 

fjtt T • -\~\ 
\! ''• 

T'' 
1 

j m 
• :: :::: 

: :••:)•••: :\T.:; 
.; J ...j.... _.';'.f!\ 

I ;::hi 

I. 
....j..:.r ':':(•:;' 

rr*] 

:::f 

.. Sfi £ ~~ I \    .1... i • "i.'..: 

"f~ i Jiife 
—•*- —~\— |i|M m 1 ...j.... ,,,,L„ irfjiij: 

".'•':': : f- m 
j::  * j:;:: p i 

::::' 
;::: V • 

1 .... 
.... 

....).;.; 
• ••! v m | 

$ H IB 
,r,,i,,, 

1 32 
:•.; 1 III; :*:i ::.:: R :::: 

$ 
^ 'j* 

~;— 
•••;••• 

Wjj.'ij Mm • AT IM41   «OvitOJtr            11 
i Vj r coMMirrtt torn «f*a««ifict j 

: m 
i. . j ........ ..... }{?j(:i|i ij;;p: M -: W •:;' 

- 

I* 
••;••• 

r^-4r— 

j 
m 

ijji 
......... m 

:!:: 1 .::: 
.'::: 

•:•.: m 1 | 
.:.... ii 

::: f   .: 
:::.\::':: •:•:*:::• ::::!::;: 

H.'.J.'..:' - g ia :::• 1 •ii: :::: 1 
:;:: !!!! 1 

- I 
. ..j . 

:•;•:::• 
'•  I  : J T :;:: :::: 

iiüÜiii :::: :••; 1 1 1 

fi r 
j   «t ijlillilil 

•.....: 

is 
C'OC •// 

1 

«0 
11 cvn 

•; i 
m 

:'::l 
•* 

g§ | 8H • ::ii 

311* $H tW m 1 !; •'• J 1 W . :•:( :•• •':: SB :.!ii| :::: via 
Fitiuro 19,- V«rtitiun of rudder tnb angle with cockpit  control 

so tt l riß. 



•: frfffjfi] •• 
;...L 

— 
1 .... 

i 
|     1 • f • 

.•:. ii 1 "!'f"r! ....!.... j.... iijiliil 

»ll:::- 1 1 
j - If 1 

ÜB 
•:::.::: 

: 

—Jjjfj 
!:::lii;i '•;::[:;;': 

;jfj 

•r :::: 
(•••' 

'•:• j 
•jjjljjj:' i 

, i • f 

!   ;; .;. j.... i::i|i::j 

'    ff 
.... 

I : 

• 
^:!: 1 •: •.' 1 

:!*'|"*: j 

|jj! 
•fij 

•~ 
...j.... 

• 
.... 

.: 1 :::;(:::: .. . 

.... .... 

I 
:::j|{f|{ 

jlai 

1 
f 

:\f:*:; 

:    1 

jjjfljjn ,   ,   Inn 

mi •': * 

B 
I 

•*v 

llililii 
mm \ ajjlija 

ii yr. 
rijfm? 

I 
°."T°:! Y 1 '"'•Irr 

......... 1:1 jjjjj pi 

iii 
(.:: 

;:)'|:!f: 
•:::h:f: 
::!J|jj;: :!:;|:::: 

jllllfjj jjlj 

••)• 

: i 1 i "M P : II! • 

4Uaf is* 
:::•••••" 

...1:... 

'our. r 
11 

ra un 
 j        i     : 

! 
• 1 !! • M Pfffl 

.'Sir' 
Oij ' . I   • •yr] . .j. 1 

1 •• •    1    - .:[.::. 
.1. .... 

• - 1 1 •... fnl lli 
jjjjjfjfi :..; §§ -; -: jijijji;: 

m .: =•• 

Ü •? •M* ÜÄ ~i Ig <w n »: Ü ffi A ü? to jSS 
....j.... 

| - 1::: J:i • tj; 

••;! •;•• 
iiü i 

if •a is f jr/ jy< Si 1 .rtY/fe/ jfi 
. l.J 1 

•Ü "c P :••• 

i • ifnifl 

1 1 — 
N.tlOlUl    «OVISOIIf              1 

: cowwiTrtt  torn Ai*OM«uticsl 
! gl . 1- BWWR8B     |!--llj 

Figure SO.- Variation of aileron and spotler angles with stick 
position as meisumd on the ground with no load on the 
surr-iaes.  Test airplane with flaps up. 



Figure 21.- Variation or aileron arid «puller angles with 
•tick position as measured on the ground with no load on 
the nurfaces.  Test airplane with flaps 1/3 down. 
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Figur» 22.- Variation or oiJw.n anj   spoil»? angles with 
stick position aa moasured on the ground with no load on 
the  surfaces.     Tost airplane with flaps  full down. 



•J-WWrfC 

Flßuro 23.- Variation of maximum movements of ailerons and 
spoilers »1th change  in flap position. 
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Figure 24.- Friction in the lateral control system, flaps up. 
as Indicated by the stick force requir«d to move the controls 
on the ground. 
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Figur« 26.- Friction In the lateral control system, flaps full 
down, as Indicated by the stick force required to move the 
controls on the ground. 
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Figure ST.-  Variation of slot opening with slot control crank 
position. 



figure 89.- Characteristics In steady straight flight with 
power for level flight. Test airplane with hoods closed, 
center of gravity at 26.3 percent M.A.C. 



Figure 2ö.- characteristics In steady straight flight with 
power off.  Test airplane with hoods and ccwl flaps closed« 
center of gravity at 2C.3 percent M.H.C. 



Figure 30.- Characteristics in steady straight flight with 
approximately 345 bhp at 2300 rpm. Teat airplane with 
hoods closed and cowl flaps open, center of gravity 'at 
26.3 percent U.K.:. 
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Figure 31«- Period and danping of the lateral oscillations. 
Teat airplane with flaps up and slots closed, center of 
gravity at 86.3 percent M.A.C. 
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Figure S3,- Period <uid d.-implnj; of th» lnternl ascillfitlona. 
Tont airplnnn wltli flaps sot full down and slots closed, 
canter of gravity   at 20.3 percent M.A.C, 



H»*£7?^»fc-Ä»*.'tfH 
imulilSmmiMlmh 

ms 
HamHäls^^ 
mmmmmmmmmmmmmmmmm 
mmmmmmmmmmmmmmmmM 

immmliiimimm 
Mmmmmmmmmmmmmmmmmmmmmmmmmmmmmm 

mmmmilümlim 

m^mmmmmmmmmmammmmmmmmmmmmmmmmm 

^"immMimmmmmmmmmmmmmmmmiMmsmmmsm 
mmjjfumiumiiiiuwfH 

Figure 34.- Period and damping of the lateral oscillations. 
Teat airplane with flap» set full down and alota open, 
center of gravity at 26.3 percent H.A.C. 
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Figure 3ö.- Characteristics in steady sideslips. Power off, 
Haps up, slots open, hoods and cowl flaps closed, center 
of gravity at 26.3 percent ».A.C. 



Figure 35.- Characteristics In steady sideslips, rower off, 
flaps up, slots, hoods, and cowl flaps closed, center of 
Gravity at 26.3 percent M.A.C. 
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Figure 37.-  Characteristics 111 steady   sideslips.     340 bhp St 
8300 rpm, flaps up, slots closed, hoods closed, cowl flaps 
open, center of gravity at 26.3 percent I.A.C. 



Figure 38.- Characteristics In steady sideslips. 340 bhp at 
2300 rpr., naps up, slots open, hoods closed, cowl flaps 
open, center of gravity at 26.3 percent H.A.C. 

'. 



Figure 39.- Characteristics 
flaps ••» * '•   ' flaps set 1/3 dowTuot ","»!«* slö«ÜPs.    Power olf 
°lo*ea,  center 3**$ *% ££«~ft ~? A*'° 

mm 
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Figure 40.- Characteristics In steady sideslips,    rower off, 

flaps set 1/3 down,  slot? open, hoods closed,  cowl flaps 
closed,  center of gravity at 26.3 percent y.A.C. 



m 
»eg 

Figure 41.- Characteristics In steady sideslips. 340 bhp at 
2300 rpn, flaps set 1/3 down, slots closed, hoods closed, 
cowl flaps open, center of gravity at 86.3 percent M.A.C. 



figure 42.- characteristics In steady sideslips.    340 bop at 
2300 rpn, flaps aet 1/3 down, slots open, hoods closed, 
cowl flaps open, center of gravity at 26.3 percent E.A.C. 
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Figure 43.- Characteristics in steady sideslips» Power o 
flaps set full down, slots closed, hoods closed, cowl 
flaps closed, eentar of gravity at ?.£*?  percent y.A.C. 
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igure 44.- Characteristics In steady sideslips, power off, 
flaps set full down, slots open, hoods closed, cowl flaps 
closed, center of gravity at 26.3 percent K.A.C. 



Figure 45.- Characteristics In steady sideslips. Fower off, 
flaps set full down, slots open, hoods open, cowl flaps 
closed, center of gravity at 26.3 percent M.A.O. 



Figure 46.- Characteristics In steady sideslips. 340 bhp at 
3300 rpn, flap set full down, slots closed, hoods closed, 
cowl flaps open, center of gravity at 26.3 percent SI.A.C. 
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Figure 47.- Characteristics In steady sideslips. 340 bhp at 
2300 rpm, flap set full down« slots open, hoods closed, 
cowl flaps open, center of gravity at 2E.3 percent U.A.2. 



Figure 4a.- Sharacterlstlcs In steady sideslips. ?40 bhp at 
Z.VO rpm, flap set full down, slots open, hoods open, cowl 
flaps open, center of gravity at 2c.3 percent M.A.S. 
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Figure 49.- Stretch In the lateral control system as measured 
in stead; sideslipping flight. Test airplane with flaps 
up. 



Figure 50.- Stretch In the lateral control system as measured 
In steady sideslipping flight. Test airplane with flaps 
set 1/3 down. 



figure 51.- Stretch in the lateral control systen ac measured 
In steady sideslipping flight.    Test  airplane »lth naps 
set full down. 



Figure 52.- Variation of maximum lift coerricient with power. 
Flaps full down, hoods open, cowl flaps open, center of 
gravity ut 32.1 percent U.A.C. 



Figure 53.- MM history of a po*ei-on stall ar.d recovery, 
test airplane nith slot extension» and wlnä-root fillets. 
Flaps full down,  slots open, hoods open, cowl flaps 
closed, .TOO bhp at 2200 rpn, center of gravity at 32,5 
percent .Y.A.C. 
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Figure 54.- Tine history of a three-point, power-off landing, 
with flaps full down,  slots, hoods, and cowl flaps open. 
Test airplane with Maxwell slot extensions and smooth 
walkway. 
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